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Abstract—The Cyprus power system is undergoing vast 
changes due to the increasing penetration of renewable energy 
sources. The isolated nature of the system makes it more 
vulnerable to large frequency deviations. As a consequence, 
frequency control becomes challenging especially in the case of 
large disturbances. To keep the system in admissible frequency 
limits and avoid brownouts or even system blackout, it is 
important to have a detailed and accurate model of the system to 
improve monitoring and control, and enhance the situational 
awareness of the system operators. One important component of 
the system to be modelled is the system load. Although this is not a 
straightforward task, the significance of load modelling can be 
underlined by the fact that the system response is affected by the 
type of the system loads. In this sense, the type of the load in 
combination with the increased penetration of dispersed 
renewable energy sources can significantly affect the system 
frequency response to generation loss events. In this paper, the 
importance of accurate load modelling and the associated effect to 
the response of the Cyprus power system is examined. The system 
frequency response to generation loss events for multiple scenarios 
is investigated. Various load compositions are examined, while PV 
generation is also considered in order to simulate realistic system 
conditions. Furthermore, two cases of different plant mix are also 
examined. 
Keywords— Composite load model, Cyprus power system, 
frequency response, isolated power system, load modelling, system 
inertia, underfrequency load shedding. 
I.  INTRODUCTION 
The continuous structural and operational changes that 
power systems experience are increasing the system complexity 
and affecting the response of the system to contingencies. These 
changes make the system prone to outages and failures that have 
enormous socioeconomic effects [1]. As such, better monitoring 
and control of the system have become of paramount 
importance. In order to maintain the power system operation 
within admissible limits, minimize the consequences of system 
disturbances and take optimal control actions for maintaining 
system stability, detailed power system models need to be 
utilized. In particular, accurate modelling of the system gives the 
operators the chance to take the correct measures to avoid power 
outages and blackouts.  
Among all the components of the power system, loads are 
one of the most challenging components to model because of 
their changing characteristics [2]. Load models in a power 
system are often represented as an aggregate load at the medium 
voltage level, due to the lack of available data and the limited 
knowledge of the exact types of loads that are connected to a 
feeder. The practical loads of a power system are changing with 
the human activity, the ambient conditions and the system 
operating conditions, making the load composition to vary 
continuously. In addition, new components with new load 
characteristics are added to the system as the technology 
evolves, complicating its behavior.  
In recent times, system inertia is affected by the effort to 
reduce CO2 emissions and the dependency on fossil fuels for 
economic, technical, and environmental reasons. This leads to 
the increased penetration of renewable energy sources (RES), 
which consequently decrease the system inertia and alter the 
system behavior. For instance, traditional frequency control 
schemes may not be able to mitigate satisfactorily the effects of 
frequency disturbance events. In addition, as far as isolated 
power systems are concerned, low system inertia may lead to a 
high rate of change of frequency (RoCoF) during a disturbance 
and traditional underfrequency load shedding (UFLS) schemes 
may not arrest the frequency before falling below the desired 
limits [3]. Apart from the RES penetration, load modelling also 
affects inertia. Several post mortem simulations have 
demonstrated that load modelling during blackouts was 
inaccurate [4], [5].  
The importance of accurate load modelling in power systems 
has been demonstrated in [6]. Many researchers have 
investigated the dynamic behavior of loads and have proposed 
multiple load models depending on which components are 
required to be modeled and which details should be represented 
[7]-[9]. Furthermore, the importance of inertia and how it may 
affect the stability and control in power systems is presented in 
[10]-[12], while efforts have been made to estimate the system 
inertia [13], [14]. However, the relation of the system inertia and 
system load of the power system of Cyprus has not been 
extensively investigated after the massive introduction of RES 
generation. 
This research was supported by the Transmission System Operator of 
Cyprus (TSOC). TSOC is a partner of the Innovation Hub of the KIOS Center 
of Excellence, which is enabled by the EU’s strategic Horizon 2020 program 
for “Spreading Excellence and Widening Participation – Teaming”. 
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 The Cyprus power system is isolated, not being 
interconnected with other systems yet, and is currently 
experiencing major changes due to the Cyprus obligation to 
comply with the 2020 RES targets of the European Union. In 
this sense, any major faults that are not dealt timely may lead to 
severe problems for the grid. Frequency control in such isolated 
systems is more challenging due to the higher rates of change of 
frequency that arise at the events of generation outage, and load 
shedding schemes are established to prevent the frequency from 
collapse and facilitate its restoration to the nominal levels [15]. 
In such isolated systems an accurate and realistic model that 
represents adequately the load composition is of paramount 
importance.  
In this paper the effect of load modelling on the simulated 
behavior of the Cyprus power system is investigated. A 
composite load model is used to show how the system frequency 
responds in various scenarios. 
The paper is organized as follows. Section II focuses on load 
modelling and the composite load model used. Section III 
explains the importance of system inertia and how it may affect 
the Cyprus power system. The study cases and the results are 
presented in Section IV, while Section V outlines the 
conclusions drawn and the future work. 
II. LOAD MODELLING 
Load models provide the active and reactive power of loads 
considering the voltage and frequency of the system. They are 
implemented in order to represent the static and dynamic 
behavior of the complex power of the examined loads, as well 
as other functions such as inertia interactions, under normal 
conditions and during contingencies. An important aspect in 
load modelling is to choose the most representative model for 
the behavior of the load in order to provide results of acceptable 
accuracy. 
Load models can be classified as static or dynamic models. 
Static load models are considered to be inaccurate for capturing 
the dynamics of the network whereas dynamic load models are 
usually used especially for transient stability analysis.  
A load model may be component based or measurement 
based. The component based approach needs more data and uses 
the models of each individual component that compose an 
aggregated load. A measurement based approach tunes the 
parameters of a preselected load model based on measurements 
in order for the model to be able to represent the load behavior. 
There are various measurement based load models examined 
in the literature that can be employed by the operators, 
depending on the accuracy needed and the characteristics of the 
load to be modelled. The most frequently used static models are 
the ZIP and the exponential models, whereas for dynamic 
models the dynamic exponential recovery load model and the 
composite load model are frequently used. In order to have 
realistic results from both load model categories, it is important 
to make the best choice in terms of model structure and estimate 
accurately the parameters of the model. In this work, a dynamic 
model is used for representing as accurate as possible the 
dynamic behavior of the loads during frequency disturbances. 
A. Composite Load Model 
A model based on the composite load model proposed by 
NERC [16] is used in the following case studies. The main 
feature of this load model is the ability to represent various types 
of loads in dynamic conditions. As it is shown in the model 
structure of Fig. 1, the composite load model represents the 
distribution equivalent network, the three-phase and single-
phase induction motors, the power electronic load, the static 
load, and the distributed generation. Furthermore, the substation 
transformer and the distribution equivalent impedance are 
modelled in the composite load, as well as the protection systems 
for load shedding, undervoltage load shedding (UVLS) and 
underfrequency load shedding (UFLS). The six components that 
compose the load are motors A-C for three kinds of three-phase 
induction motors, motor D for the single-phase induction motor, 
the power electronic loads and the static representation of loads. 
In addition, the distributed generation resources are modelled at 
the load bus.  
Motor A represents the three-phase induction motors in the 
system that have low inertia and drive constant torque loads, 
such as commercial or industrial air conditioning compressors 
and refrigeration systems. Motor B represents the three-phase 
induction motors with high inertia which drive loads whose 
torque is proportional to the square of the speed. Such motors 
are found in commercial ventilation fans and air handling 
systems. Motor C represents three-phase induction motors with 
low inertia that drive loads whose torque is proportional to the 
square of the speed. These motors can be found in commercial 
water circulation pumps of central cooling systems. All three-
phase motors are modelled as double-cage motors and are 
described by the inertia, the parameters of the stator’s resistance 
and reactance, the magnetic reactance, the rotor resistance and 
reactance for both the operating and the starting cage [17].  
Motor D represents the single-phase air conditioner model. 
This model is able to represent the behavior of the active and 
reactive power in terms of voltage. The model can operate in two 
conditions: run and stall. This model takes as inputs the voltage 
and frequency and its parameters represent the consumption as 
well as the shift from run to stall state. The model is used for 
providing the active and reactive power of all the single-phase 
air conditioners. 
The power electronic model represents the aggregate effect 
of the power electronic loads. These models can be large motor 
drives, such as variable frequency drives (VFD) and 
electronically commutated motors (ECM) to small consumer 
electronics. This model’s active and reactive power is constant 
until a voltage level is reached, where the active and reactive 
power start to reduce linearly until reaching zero. It takes as 
input the voltage and has parameters for the voltage levels at 
which the behavior of the active and reactive power of the 
electronic devices that are represented by this model changes.  
The static load model represents other types of loads that 
have not been included in the previously mentioned models. The 
static part of the load is represented by a polynomial expression 
for the active and reactive power in terms of voltage and 
frequency as shown in (1) and (2). 
 
where V0, P0, Q0 are the voltage, active and reactive power 
before the disturbance, P1c, P2c, Q1c, Q2c are the polynomial 
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coefficients, P1e, P2e, Q1e, Q2e the polynomial exponents, Df the 
frequency deviation and Pfrq, Qfrq the frequency sensitivity 
parameters. 
 The dynamic composite load model proposed by NERC is 
slightly modified in this work, as shown in Fig. 1, to represent a 
wide range of loads that are connected to the grid. Each 
component is represented by a large number of parameters, 
while five coefficients denote the percentage of each component 
in the composition of the load. The load composition depends on 
many factors like the season and the type of load that is modelled 
(e.g., industrial, residential). 
 
III. INERTIA IN POWER SYSTEMS 
Inertia is a property of bodies to resist in motion changes. In 
power systems, the inertia of rotating electrical machines 
coupled with mechanical drives is a major parameter to consider. 
Power system inertia is the ability of a power system to resist to 
changes in frequency due to the kinetic energy of the rotating 
masses that are connected to the system [12]. In power systems, 
the demand and generation must always be balanced. A power 
imbalance causes deviations of the system frequency from its 
nominal value. Small frequency deviations may be acceptable 
and easier to handle, but large deviations may damage 
equipment, trigger protection devices, and lead to load 
curtailments. When system inertia is low, the frequency 
dynamics and the system stability may be affected, while 
potential frequency drops may occur at a high RoCoF. 
The rotating masses connected to the grid (e.g., synchronous 
generators) provide inertia response. If power generation 
becomes larger than consumption, then the system frequency 
increases and the rotating masses absorb energy and accelerate, 
whereas if consumption is larger than generation, the frequency 
decreases and the rotating masses provide energy and releases 
kinetic energy. Thus, in case of a frequency drop, inertia 
response is expected to delay the system frequency to reach 
frequency nadir, providing time for other measures to take effect 
(e.g. governor or load shedding action). If the inertia in the 
system is low, then the frequency is prone to larger excursions 
from its nominal value, which, in particular cases, may lead to 
inadvertent protection switching or even to system instability. 
Large interconnected systems are not affected by the inertia as 
much, since they can be assisted by other systems in case of a 
contingency. However, this is not the case in small isolated 
systems, like island systems, where inertia affects considerably 
the dynamic response of the power system. 
Modern power systems have a large penetration of non-
rotating power generation, e.g. renewable energy sources, 
resulting in a reduced percentage of synchronous generation that 
offers inertia to the system. Photovoltaics do not have moving 
parts at all, whereas wind turbines are usually connected through 
a power electronic converter that decouples the moving parts of 
the generator from the electrical grid. In addition to rotating 
generation, rotating loads may contribute to the inertia of the 
system. 
 A difference between the mechanical and electrical power in 
the swing equation (3) will accelerate or decelerate the rotating 
machine and cause a frequency deviation from its nominal value 
[12]. During the fall or rise of the system frequency, the RoCoF 
depends on the inertia of the machines. 
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where Hi is the inertia constant of the machine i, fn is the nominal 
frequency, Sni is the rated apparent power of the machine i, fi is 
the frequency of the machine i, Pmi is the mechanical power, and 
Pei is the electrical power of the machine i. The inertia constant 
of a power system in s is given by (4): 
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where Sni is the rated apparent power of machine i in VA and Hi 
is the inertia constant of machine i in s. 
IV. CASE STUDIES 
The case studies that are presented in this paper examine the 
impact of load modelling on the system frequency response, 
using a comprehensive model of the isolated power system of 
Cyprus. Three case studies are performed to examine possible 
factors that affect the frequency response such as (1) load 
composition, (2) PV generation and (3) the number of generators 
used. The case studies are performed using the power system 
analysis software DIgSILENT PowerFactory® (version 2017). 
For this study, the loads of the system are represented as 
composite load models. The parameters used for the composite 
models are found in [16]. A set of frequency response indicators 
are observed during the simulations, namely the frequency nadir 
and time taken to reach it, the average RoCoF after the event, the 
settling frequency, and the time that the frequency needs to 
recover to 49.5 Hz. The frequency nadir of the system reached 
in each case shows how vulnerable the system is and how many 
stages of load shedding are enabled to make the system 
frequency to recover. Furthermore, the RoCoF shows how fast 
the frequency drops in case of an event. RoCoF is important 
because the system protection scheme must be able to act before 
a frequency collapse. The settling frequency shows where the 
frequency settles after the event. A low settling frequency 
indicates that more measures need to be taken from the operator 
to help the frequency to fully recover. Finally, the time for the 
frequency to recover to 49.5 Hz shows how fast the frequency is 
recovering after the event. All these details depend on the inertia, 
so they are indications of possible low system inertia. 
A. Case Study 1: Load Composition 
In the first case study, the effect of the load composition on 
the system frequency response is investigated for a total system 
load of 303.7 MW. The plant mix consists of three generating 
units, each of 130 MW rated output, at Vasilikos power station. 
The disturbance event examined is the loss of one of those 
generators. Three different combinations of load composition 
are examined as presented in Table I. 
M
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Fig. 1.  Composite Load Model Structure 
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TABLE I.  PERCENTAGE OF LOAD COMPOSITION FOR CASES (A), (B), (C) 
Cases (a) (b) (c) 
Static 0.6 0.4 0.1 
Electronic 0.2 0.1 0.05 
MotorA 0.1 0.2 0.1 
MotorB 0.05 0.1 0.4 
MotorC 0 0.1 0.3 
MotorD 0.05 0.1 0.05 
 
 In case (a) the majority of the loads are static, whereas in 
case (b) the composition of the load is almost equally divided in 
static and rotating loads. In case (c) most of the loads connected 
to the system are three-phase motors. The system frequency 
response for each case is shown in Fig. 2 and the indicators of 
the frequency response are presented in Table II. 
 
TABLE II.  INDICATORS OF FREQUENCY RESPONSE FOR CASE STUDY 1 
Cases (a) (b) (c) 
Frequency nadir (Hz) 48.17 48.18 48.22 
Time to reach the frequency nadir (s) 3.32 3.93 6.96 
RoCoF (Hz/s) -1.25 -1.21 -1.18 
Settling frequency (Hz) 49.93 49.50 48.67 
Time to recover to 49.5 Hz (s) 23.01 75 never 
Amount of load shed (MW) 119.17 114.62 114.11 
 
 As the results indicate, each load composition causes a 
different frequency response to the system. The frequency nadir 
and RoCoF in each case are quite similar but the time to reach 
the minimum when a lot of motors are connected to the system 
is higher due to the higher inertia provided by the rotating loads. 
In addition, in case (a) the frequency recovers faster and settles 
to acceptable levels. For case (b) and (c) additional measures 
need to be taken in order to help the frequency to fully recover. 
In particular, a load composition as in cases (b) or (c) would 
require extra delayed load shedding schemes to help the 
frequency recover closer to the nominal value. Thus, knowledge 
of the nature of the load in isolated power systems may 
contribute to designing more effective protection schemes to 
further enhance the system frequency response in the case of 
underfrequency events. As it is shown in this case study, a 
different load composition for the same operation and loading of 
the system may give a different response. 
B. Case Study 2: PV Generation 
 In the second case study, the effect of the high penetration of 
renewable energy sources, more specifically photovoltaic 
systems, is considered. Photovoltaics are added to the load 
model to represent the distributed generation connected to the 
load feeders. A PV system has been added to each load and two 
cases have been investigated. In both cases, the total system load 
is 453.7 MW. In the first case (case a), all generation comes from 
three conventional units, each of 130 MW generation capability, 
at the Vasilikos power station and two units at Dhekelia power 
station, each of 60 MW generation capability. In the second case 
(case b), 150 MW of PV generation is added to the system. It 
should be noted that the load composition in all cases is the same 
as case (c) of Table I. In case (b), since PV generation covers 
part of the load, the two Dhekelia units are disconnected. At t=0 
s one of the generation units of Vasilikos is tripped. Fig. 3 shows 
the frequency response for each case and its indicators are 
presented in Table III. 
 
TABLE III.  INDICATORS OF FREQUENCY RESPONSE FOR CASE STUDY 2 
Cases (a) (b) 
Frequency nadir (Hz) 48.62 48.29 
Time to reach the frequency nadir (s) 2.41 3.70 
RoCoF (Hz/s) -0.81 -1.18 
Settling frequency (Hz) 49.80 48.91 
Time to recover to 49.5 Hz (s) 19.49 never 
Amount of load shed (MW) 98.59 167.79 
 
 In case (b) where part of the load is covered by PVs, the 
system inertia is lower. As a result, the frequency falls faster (see 
Fig. 3) and the governor and load shedding actions take place at 
different times compared to case (a). This has the consequence 
of a lower frequency nadir and a different settling frequency. In 
both cases underfrequency load shedding occurs in order to help 
the frequency to recover. In case (b) since the frequency drops 
to 48.29 Hz, in contrast to case (a) where it drops to 48.62 Hz, 
more stages of the UFLS are activated. In addition, an extra 
amount of load is needed to be shed in case (b) at a later stage 
for the frequency to fully recover closer to its nominal value. As 
showed in Table III, in case (b), a larger amount of load has been 
shed even though the frequency settles to an unacceptable level. 
C. Case Study 3: Number of Generators 
 In the third case study, different generators are considered in 
the generation scheme. The total load of the system in this case 
is 303.7 MW and the load composition is as shown in case (a) of 
Table I. In case (a) three generators of the Vasilikos power 
station with generation capability of 130 MW are used, whereas 
in case (b) two more generators from Dhekelia power station 
with generation capability of 60 MW are added. At t=0 s a large 
generator from the Vasilikos power station is tripped. The 
frequency response of both cases (a) and (b) are shown in Fig. 4. 
In Table IV, the indicators of the frequency response of case 
study 3 are presented.  
 
Fig. 2. Results of frequency response for Case Study 1 
 
Fig. 3. Results of frequency response for Case Study 2 
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TABLE IV.  INDICATORS OF FREQUENCY RESPONSE FOR CASE STUDY 3 
Cases (a) (b) 
Minimum frequency (Hz) 48.18 48.40 
Time to reach the frequency nadir (s) 3.93 6.19 
RoCoF (Hz/s) -1.21 -0.723 
Settling frequency (Hz) 49.50 49.91 
Time to recover to 49.5 Hz (s) 75 20.25 
Amount of load shed (MW) 114.61 94.03 
 
In case (b) more generators are connected to the system 
compared to case (a) and as a result the system inertia is higher. 
As shown in Table IV, in case (a) the frequency drops faster to 
48.18 Hz, with the consequence of more UFLS stages to be shed 
compared to case (b). In addition, in case (b) the frequency 
recovers faster and settles closer to 50 Hz.  
V. CONCLUSIONS 
This paper presents the significance of load modelling on the 
frequency response of isolated power systems. A number of case 
studies are analyzed using a comprehensive model of the Cyprus 
power system. The case studies examine multiple factors that 
may affect the system frequency response. The loads of the 
Cyprus power system have been represented using a composite 
load model.  
Three case studies are presented where a large generator 
from the Vasilikos power station is tripped. In case study 1, 
multiple scenarios of load composition have been examined 
whereas in case study 2 the increased penetration of PVs in the 
power system of Cyprus has been considered. Finally, in case 
study 3, two cases of different plant mix are examined.  
As concluded by the results of the case studies, load 
modelling needs to be considered during dynamic studies. A 
high percentage of motors in the loads of the system affects the 
frequency response of the system and eventually reduces the 
RoCoF during frequency disturbances. In contrast, a high 
percentage of RES in the system decreases the system inertia and 
the RoCoF of the system increases. Finally, when more 
conventional generators are committed, the system inertia 
increases. In general, systems with high inertia are more stable 
and are less likely to collapse. In case of low system inertia, the 
frequency control schemes may have to be redesigned and take 
into account the low inertia that could arise from the structural 
changes and higher penetration of renewable energy sources.  
The inertia in the power system of Cyprus is important 
because of the small and isolated nature of the system. The 
system is more vulnerable to frequency excursion and 
underfrequency load shedding schemes are into effect to protect 
the system from frequency dips and settlements to unacceptably 
low values. 
Since load composition affects the frequency response of the 
Cyprus power system, detailed investigation of the load 
composition of the Cyprus power system will take place as 
future work. To do so, recorded events can be utilized to estimate 
the parameters of different load component. 
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